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Problem-1

oo
Ammonia reacts with oxygen by the given reaction- =
4NH,4(g) + 50,(g) » 4NO(g) + 6H,0(g) at any instant, rate of reaction M s

0.24 molL1s?
~a) Write the rate expression for the reaction
(b) Calculate_rate of generation of water. [BUET’ 17-18]
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Factors affecting reaction rate
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Effect of Concentrat.ic‘rl; Order of Reaction:
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Problem-2
oo

cts with hydrogen gas to produce nitrogen and water vapor at 1280°C-

g) -> N, (9) + H,0 (9) - )
imed from conducted experiments on this reactﬁ%e tabwdated as follows. From this data-

Malculate rate law of the reaction )C)E): K):NO ﬁ

(b) Calculate the rate constant, k.

"\ LA

Calculate rate of this reaction when [NO] =12 x 103 M and [H,] = 6 x 103 M
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Problem-2 (Continued)...
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Order of Reaction: 0" Order Reaction

Ao products, L2 o (AL = AL
w,% For O™ order reaction,
20, A1 = A, 7 = Wkt

7 2k

S Chemistry 1st Paper
I o

avinPe iy adiiovin Chapter 04 : Chemical Equilibrium




Order of Reaction: 1st Order Reaction

A- products  [A]/M
T

_% =K, [A]
When,
t=0,[A] =[A]o
t=t, [A] =[A]l,
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Half life of reaction, t,,
oo

Time required fo a single reactant reaction to sompletely converts it's 50% reactant into product(s).

A—- products

When,
t =1y, [Al; = [A]o/2

For 1st order reaction,
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Problem-3
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Rate constant for conversion of cyclopropane to propene is 6.7 x 104(s1) —

(a) Whatwill be the concentration of cyclopropane after 8.8 minutes it It's initial y
concentraionwas 0.25 M?~ [P\, =0°26M | —(-Z xio 1S

(b) What time will be required to reduce the concentration of cyclcyaropane from 0.25 M to
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Problem-4
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A one reactant system takes 40 min to convert @5‘ fit's reactant to produc

() Calculate t;, (min) of this conversion.

(b) What is the timeTequired for 60% completion of the reaction? Q,\L%Q%V
(c) Calculate the time after which only 20% reactant will remain in the reaction vesse%c%
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Problem-4 (Continued)...
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Order of Reaction.:'ZDd Order Reaction
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Reaction Order at a glance
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Poll Qy‘ef,tion-l

Rate constant for an irreversible reaction was found to be 0.02 Ms-1.
What is the order of the reaction? —

(a) 15t order — \ _/\\5)
W&
S =y

AP
(c) 2"d order //@

(d) 3" order &
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Effect of Temperatur%: Arrhenius Equation
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Collision Theory
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Transition State Theory
oo
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Transition State Theory
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Energy Diagram for a ( CH, + Cl, » CH,Cl + HCI \
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Poll Question-2

(Y X
The following reaction occurs | . What is the molecularity of the reaction?
I ‘_"-_

20,(aq) - 2H,0(1) + 0,(g) AS’
- ‘ Q Q N\
\/’
(a) One \ /\,30 \\Yg ~ol°°\t

ek
(b) Two % \;c)byt
(c) Three @X \)jg:q—/

\(Wbe determined
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Problem-5
oo

Activation energy for the gas phase dissociation reaction of N,O; is 103.5 Jmol-.
Calculate the ratio of rate constants at 0°C and 25°C. =

k, E, 1 1 BUET’ 13-14
lnk1 = > [T1 _T_z] - Co= \Q‘}/3M
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Poll Question-3

oo
Differentraduoesqf rate constant of a reaction was found at different temperatures. The
slope of t s. 1/T graph was found to be -75 K. What was the activation energy of
reaction?>—, -—
(a) 1.43 Jmol? TN — — __E__Q/" _ —/?C
\_02*)(43‘ kJmolt @

=

- -2
(c) 14.3 Jmol-L N = %R7{2 ﬁ

(d) 14.3 kdmol+? — ]
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Ca.tglyst

Catalyst is a substance that alters the rate of any chemical process but doesn'’t chage it's chemical

composition* after the reaction.
1. Positive Catalyst./&'ge\\/

T~
'§¢, 2. Negative Catalyst__>E A
3. Auto Catalyst—=>

4. Induced Catalyst—

MhoO,

\[/ WZKCI+302
E H3PO

a \g,pzoz/3_>zzH20+02

SHyCy04 + 2KMn04+3 HyS0, 52 MnSO, + 10 CO, + 8H,0

“ q
) Na2503 050, 1975 2 Nayso "

NasAsOs + 055 no reaction 7~
\ + NClgASOg) + 02 - 2 Na2504 + Na3ASO4
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Thermochemistry

Thermodynamics:

study of dynamics of "system" due to "heat". In other
words, study of "interconversion" of "heat" with other
forms of "energy"

Thermochemistry: /
Application of“thermodynamics” to “chemical
systems’

Description oi&&?st}:j (

* Pressure, P

 Temperature, T,
« Amount, nN/
* VVolume, V

AR
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Universe

L?fystem Surrounding

Thermodynamic Functions

_—

cti.ofp/ Path M%
q, W

U H. S G, A etc.
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Laws of Thermodynamics

1. Ot Law

2. 1t Law

3.2 [aw

4. 3" Law
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St

Change in Internal energy of a closed system is zero.

Total entropy always increases in an irreversible process.

Entropy change becomes zero at equilibrium, never decreases.

T

AU 0

closed —

AS,,,= 0

univ=—
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1st Law of Thermodynamics
oo

(Standard State)

Enalp KU +pv  sundesme
— am—
essure 1 bar
e in enthalpy, A H W

Temperature 298 K

\/5{@96 in internal energy, AU = @ Matter Pure solid/liquid

Thermochemical Equation

Change in standard enthalpy

Reactant and product at standard state /
2(9) + 20,(gy5 COt9) + 2B50(1)) A HL= -890.4 kJmol-:

890.4k/  890.4k/ 8904 k] 890.4 kJ 6\”
W i @l @ WK

s T =
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Poll Question-4
~N “.

/
X released #i
\.\§_/

gen at standard states

@) + 20,(g) — CO;(g
A

(b) 445.2 J >

(C) -445.2 kJ

(d) -445.2 J
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Standard Formatu)n Enthalpy, A H
@q o

ClA + bB — CC + dD A Horeaction = [C A Hof (C) +d A HOf (D)] - [aA Hof (A) +b A Hof (B)]

+1/2 A A0,)] | Def™
Standard formation

0 alpy of elements is
- EE Zero -_

Horeaction =A Hof (HZO)
' R

A H% (Hy) =0
AH(Gro

//
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Problem-6 _
*Ex\0” 3

oo -
1.0 mol methane produces 804.8 kJ of heat at 101.325 kPa constant pressure and 25°C
temperature when ignited With enough oxygen. Calculate heat evolved at constant

| t this t t d :
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Problem-6 (Continued)...
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Problem-07
oo
Carbon, hydrogen and sucrose (C;H,,04) have standard heat of combustion values -406
kJmol?, -284 kdmol-! and -5638.82 kJmol-! respectively. Calculate standard formation

enthalpy of sucrose.

A‘&L’ "gé &’3%

VS ) _.
v > <0
X = x (o1 /Rbfof <+
S .\, ) = ("7«, Qg “n
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Properties of Thermochemical Equation

oo
1. aA - bB;AH =@—a

bB - ad;NH = H, —>

2. aA - bB;AH = H,

_/nah ﬁ%%//
H, = 1

ess’s law
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Poll Question-5
'Y X

Enthalpy of the following two reactions are H; and-H,

espectively.
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Problem-08
oo

Calculate Lattice enthalpy of CaCl, from the given data- ,)\Q}.,\@

’

. . : . X X
(a) Heat of sublimation of Ca is H,, -(0:‘(;)8(. (‘}?LQ U&&@

\
(b) 1stionization energy of Ca is I, "
. . //q
(c) 2" ionization energy of Ca s I, VQV ¢

(d) Heat of atomization of chlorine is H

atom

(e) Electron affinity of chlorine is EA
(f) Heat of formation of CacCl, of is H; Q‘:\ QC)\ L9 —)Qu&@ \) b\‘\iﬁ
- >0g
. SN N 209 (&
@Qo\@ﬂbuﬁ@) ) I 93 PGS
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Problem-08 Qontinued)...
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Problem-09
oo

Calculate heat of the following reaction using the bond dissociation energy data given-

Cig Cl, > CH;CL+ HCl \2\@,\/7 4/@\ \
/
Bon/d’energy of C-H =430.532 kJmoI'lq\ — y -
> NS

Bond energy of CI-Cl = 242.90 kdmol+* X \L&
4

C e

\

Bond energy of C-Cl = 328 kJmol-! g G
Bond energy of H-Cl = 433 kJmol* Si ;—7// @ \\
< (\VWN <o
&\"b\y \/®> ) /
N &
A X

- Y
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2nd Law of Thermodynamlcs

> )
AG 13 Tieg sportaneous

AG is positive; non-spontaneous
AG = 0; equilibrium

AG = AG® + RTInQ
At equilibrium, AG=0, Q =K

—3 AGO = —RTL_KI

(}V _
— ~athighT—= H,O (s) -> H,0 (1)
— - . -atlow T < H,0 (g) -> H,0 (1)
+ : Always + < 205 (9) -> 30, (9)
; ; + Always -, NaOH(s) -> Na*(aq) + OH- (aq)
vd
/1]
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Problem-10
oo

Calculate the equilibrium constant for the decomposition reaction of water at 25°C.

2H,0(l) -» 2H,(g) + 0,(g DS — 1
Standard free energy o and AG]9(H20) = 237.2 k] /mol ]

: n, *%&QD ~ Yo
s D(‘\g — ® \2\)95
— & X@
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